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(54) Method of making semiconductor devices by patterning a wafer having a non-planar surface 



(57) In accordance with a specific deposition/etch- 
ing sequence, a multi-layer metallization system is 
formed on the non-planar top surface of a semiconduc- 
tor wafer. In an electrophoretic deposition step, a con- 



formal uniform-thickness layer of a resist material is then 
formed on the top surface of the metallization system. 
In turn, the layer of resist material is lithographically pat- 
terned to provide an etch-mask for defining features in 
the underlying metallization system. 
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Description 

Background of The Invention 

This invention relates to the fabrication of semicon- 
ductor devices and, more particularly, to a method for 
patterning the non-planar surface of a semiconductor 
wafer on which devices are to be made. 

For a variety of applications of practical importance, 
it is necessary that a substrate having a non-planar sur- 
face topology be lithographically processed to define 
patterns on the surface of the wafer. Thus, for example, 
for making, devices for use in an optical communication 
system, it may be necessary to define patterns on a 
semiconductor wafer having v-shaped grooves formed 
in its surface. In particular, patterns may have to be de- 
fined simultaneously both in the v-grooves and on adja- 
cent planar portions of the wafer surface. 

It is well known that considerable difficulties are as- 
sociated with utilizing conventionally spun-on resists for 
patterning non-planar wafer surfaces. In particular, the 
presence of v-grooves in such a surface presents an 
overall wafer topology that cannot be uniformly coated 
with standard spin-on resist technology. In practice, a 
spun-on resist tends to form a coating along the edges 
of such grooves that is thin relative to some prescribed 
nominal coating thickness, while forming a considerably 
thicker-than-prescribed coating in low-lying areas of the 
grooves. 

The aforedescribed non-uniform distribution of 
spun-on resist over the surface of a wafer containing v- 
grooves is clearly undesireable. The inevitable result of 
such non-uniform distribution is that it is difficult, if not 
impossible, in a wafer processing sequence to litho- 
graphically achieve well-defined and consistent resist 
patterns simultaneously both in the grooves and on ad- 
jacent planar surface portions of the wafer. 

Accordingly, considerable efforts have been direct- 
ed by workers skilled in the art aimed at trying to devise 
semiconductor device fabrication sequences, including 
resist-based lithographic steps, suitable for forming 
small-feature-size patterns on the non-planar surfaces 
of semiconductor wafers. It was recognized that these 
efforts, if successful, could improve the yield, lower the 
cost, and improve the performance and reliability of 
semiconductor devices whose manufacture on non-pla- 
nar wafer surfaces has heretofore been considered ex- 
ceedingly difficult and complicated. 

Summary of The Invention 

In accordance with the principles of the present in- 
vention, a layer of silicon dioxide formed on the non- 
planar surface of a semiconductor wafer is partially 
etched before depositing a multi-layer metallization sys- 
tem on the layer The metallization is then coated with a 
layer of resist material in an electrophoretic deposition 
step. A uniform-thickness layer of resist is thereby de- 



posited on the non-planar surface.The layer of resist 
thus formed provides a basis for patterning the metalli- 
zation in accordance with various semiconductor device 
processing techniques. 
5 Also, in accord with the invention, a multi-layer met- 
allization system is formed on the non-planar v-grooved 
surface of a semiconductor wafer by a specific deposi- 
tion/etching sequence. The metallization is then electri- 
cally plated with a uniform-thickness layer of an electro- 
phoretic photoresist. The photoresist is then patterned 
by lithographic techniques to provide a mask for subse- 
quent processing of the underlying metal layers. In this 
way, well-defined conductive patterns can be formed si- 
multaneously both in the v-grooves and on planar sur- 
faces of the wafer. 

According to another aspect of the present inven- 
tion, there is provided a method for making devices on 
a substrate having a non-planar top surface, said meth- 
od comprising the steps of forming a layer of silicon di- 
oxide on the entire top surface of said substrate, partially 
etching said layer of silicon dioxide, forming a metalli- 
zation system on the entire top surface of said partially 
etched layer of silicon dioxide, in an electrophoretic dep- 
osition step, forming a conformal uniform-thickness lay- 
er of a resist material on said metallization system, lith- 
ographically patterning said layer of resist material to 
form an etch-mask, and, utilizing said etch-mask made 
of resist material, patterning said metallization system. 

The metallization system formed on the top surface 
of said partially etched layer of silicon dioxide preferably 
comprises, from bottom to top, continuous layers of ti- 
tanium, titanium nitride, platinum and gold. In utilizing 
said patterned layer of resist material as an etch -mask 
either said gold layer is patterned in a wet-etching step, 
or said titanium nitride and platinum layers are patterned 
in a dry-etching step, or both. 

In still utilizing said patterned layer of resist material 
as an etch-mask, said continuous layer of titanium is 
then patterned in a wet-etching step, and the patterned 
layer of resist material is then removed, thereby leaving 
on said substrate defined conductive patterns each 
comprising, from bottom to top, layers of titanium, tita- 
nium nitride, platinum and gold. 

According to a further aspect of the invention, there 
is provided a method for making devices on a substrate 
having a non-planar top surface, said method compris- 
ing the steps of sequentially depositing conductive lay- 
ers on the entire top surface of said substrate to form a 
multi-layer metallization system, sputter etching one or 
more of said conductive layers during the deposition se- 
quence, in an electrophoretic deposition step, forming 
a conformal uniform-thickness layer of resist material on 
said metallization system, lithographically patterning 
said layer of resist material to form an etch-mask, and, 
utilizing said etch-mask of resist material, patterning 
said metallization system. The said layer of resist ma- 
terial is preferably baked by heating only after having 
been exposed. Prior to forming said layer of resist ma- 
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terial on said metallization system, the surface of said 
metallization system is preferably wetted with a solution 
of the resist material employed in said electrophoretic 
deposition step. 

Brief Description of the Drawing 

A complete understanding of the present invention 
and of the above and other features and advantages 
thereof will be apparent from the detailed description be- 
low taken in conjunction with the accompanying draw- 
ing, not drawn to scale, in which: 

FIG. 1 is a cross-sectional depiction of a portion of 
a semiconductor wafer that has a v-groove formed 
in the top surface thereof; 

FIG. 2 illustratively represents, in a generic fashion, 
layers formed on the top surface of the FIG. 1 struc- 
ture; 

FIG. 3 depicts in more detail a portion of the layers 
shown in FIG. 2; 

FIG. 4 is a schematic depiction of the manner in 
which a wafer of the type represented in FIGS. 1 
through 3 is coated with a layer of an electrophoretic 
resist material in accordance with the principles of 
the present invention; 

FIG. 5 shows a portion of a wafer coated with a uni- 
form-thickness layer of electrophoretic resist in the 
manner represented in FIG. 4; 
and FIGS. 6 through 13 successively show the re- 
sist-coated wafer of FIG. 5 at various subsequent 
steps of an illustrative device fabrication sequence. 

Detailed Description 

By way of a particular illustrative example, FIG. 1 
shows a portion of a substrate that comprises, for in- 
stance, a conventional semiconductor wafer 10. The 
wafer 10, which is depicted as having a non-planar top 
surface, is, for example, made of monocrystalline <1 00> 
silicon, has a diameter of approximately 12.7 centime- 
ters (cm) and a thickness or Y-direction dimension of 
about 508 micrometers (jim). 

Illustratively, for use in an optical communication 
system, the wafer 10 of FIG. 1 is shown as having a v- 
groove 12 formed in the top surface thereof. Such a 
groove is utilized, for example, for holding a section of 
optical fiber, as is well known in the art. For one such 
particular application, the width or X-direction extent of 
the groove 12 is about 272 jam, and the depth or Y-di- 
rection extent of the groove 1 2 is approximately 1 50 urn 

In practice, the wafer 10 of FIG. 1 may contain a 
multitude of grooves. Some of these grooves are uti- 
lized, for example, to hold optical fiber sections, as men- 
tioned above. Other v-grooves, typically having shorter 
Z-direction extents, are often employed to retain stand- 
ard ball-type lens elements. By means of such a lens 
element, light emanating from an associated laser de- 
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vice can be directed into an input end of a retained fiber 
section, while light from the output end of a retained fiber 
can be directed via such a lens element to an associated 
photodetector device. Illustratively, these associated de- 
vices are formed in integrated-circuit form on planar por- 
tions of the top surface of the wafer 10. For establishing 
electrical connections to these devices, microminiature 
metallic contact pads must be defined on the planar por- 
tions of the wafer. 

Additionally, it is often necessary in practice to de- 
fine patterns on the slanted surfaces of the v-grooves 
formed in the wafer 10 of FIG. 1 . Thus, for example, in 
some applications metallic mirrors are formed in the v- 
grooves to assist in routing light signals into or out of the 
ends of fiber sections held in the grooves. 

In accordance with one specific aspect of the 
present invention, a multi-layer metallization system in 
which the aforementioned contact pads and mirrors are 
to be defined is deposited on the entire top surface of a 
wafer having a non-planar surface topology. Thereafter, 
in further accord with the invention, the entirety of the 
non-planar top surface of the multi-layer system is over- 
laid with a uniform-thickness conformal coating of an 
electrophoretic resist material. In turn, the uniform -thick- 
ness resist coating provides a basis for precisely defin- 
ing patterns by lithographic techniques both on planar 
(that is, lying in the X-Z plane represented in FIG. 1 ) and 
non-planar portions of the wafer. 

In one specific fabrication sequence that is illustra- 
tive of the principles of the present invention, a layer of 
silicon dioxide (Si0 2 ) is initially grown on the entire top 
non-planar surface of the silicon wafer 10 represented 
in FIG. 1 . By way of example, this is done in a standard 
high-pressure-oxidation (HI POX) growth step in which, 
for instance, an Si0 2 layer 14 (FIG. 2) having a thick- 
ness of about ten jim is formed on both planar and slant- 
ed portions of the top surface of the wafer. 

In practice, it is often observed that Si02 grown in 
the indicated manner exhibits extremely narrow regions 
at the bottoms of v-grooves formed in a wafer. It is very 
difficult to reliably cover such narrow regions with a sub- 
sequently deposited metallization system. 

Accordingly, to improve metal coverage at the bot- 
toms of such v-grooves, it has been found to be advan- 
tageous to etch the grown Si0 2 layer 14 before com- 
mencing metal deposition. Illustratively, this is done in 
a conventional etching step, utilizing, for example, a 7: 
1 buffered oxide etchant comprising seven parts by vol- 
ume of ammonium flou ride-to-one part by volume of a 
hydrofluoric acid (HF) solution that includes 49% by 
weight HF and 51% by weight water (H 2 0). Etching is 
typically carried out for approximately five minutes. As 
a result of the aforedescribed etching step, about 0.5-to- 
1.0 jim of HI POX is removed from the layer 14. Also, 
significantly, the bottoms of v-grooves are rounded and 
slightly widened during the etching step. This result is 
illustrated in FIG. 2 where the layer 14 is shown as hav- 
ing a rounded portion 16 at the bottom of the indicated 
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groove. As noted above, reliable coverage of the entire- 
ty of the Si0 2 layer 1 4 with subsequently deposited met- 
al layers is thereby made more certain. 

Various metallization systems are used in integrat- 
ed-circuit devices and assemblies to form conductive 5 
contact pads and other elements such as mirrors. One 
advantageous such system, and the illustrative one to 
which particular attention is directed herein, comprises 
a conventional four-layer system that typically includes, 
from bottom to top, succesive layers of titanium (Ti), ti- 
tanium nitride (TIN), platinum (Pt) and gold (Au). 

In accordance with one specific aspect of the 
present invention, contact pads and mirrors each pat- 
terned from such an illustrative four-layer metallization 
system are formed on a non-planar wafer surface by in- 
itially depositing on the Si0 2 layer 1 4 of FIG. 2 five suc- 
cessive layers of metal. (The upper two layers, made 
respectively of Ti and TiN, will subsequently be removed 
and replaced by a layer of Au, as described in detail later 
below.) So as not to unduly clutter FIG. 2, such an illus- 
trative five-layer metallization system is schematically 
represented therein by a single layer 18. 

In FIG. 3, the actual multi-layer nature of the layer 
18 of FIG. 2 is explicitly indicated. In particular, FIG. 3 
shows a metallization system comprising five layers 20 
through 24 deposited on the Si0 2 layer 14 on a planar 
portion of the FIG. 2 structure in the immediate vicinity 
of reference line 26 of FIG. 2. Illustratively, the layers 20 
through 24 of FIG. 3 are deposited in sequence by 
standard sputtering techniques in a single run. 

The metallization system including the layers 20 
through 24 shown in FIG. 3 comprises, for example, 
from bottom to top, a 100-nanometer (nm)-thick layer 
20 of Ti, a 25-nm-thick layer 21 of TiN, a 200-nm-thick 
layer 22 of Pt, a 25-nm-thick sacrificial layer 23 of TIN, 
and a 100-nm-thick sacrificial layer 24 of Ti. The entire 
top surface of the depicted wafer, including both planar 
and slanted surfaces, is thereby conformally covered by 
a continuous conductive coating comprising the afore- 
specified five layers (including the sacrificial layers 23 
and 24). 

After being patterned, the upper Ti layer 24 of FIG. 
3 will be used as a mask for etching the underlying Pt 
layer 22. The upper TiN layer 23 serves as a barrier to 
prevent the Ti layer 24 from interacting with the Pt layer 
22. Without the layer 23, Ti from the layer 24 would dif- 
fuse into the layer 22 and subsequently prevent the 
masking Ti layer 24 from being cleanly stripped away 
from the surface of the Pt layer 22. 

Prior to depositing the Ti layer 20 (FIG. 3) on the 
Si0 2 layer 1 4, it is advantageous to clean the top surface 
of the layer 14. Illustratively, this is done in a standard 
argon(Ar)/nitrogen(N 2 ) sputter-etching step. This typi- 
cally enhances the adhesion of the layer 20 to the un- 
derlying layer 14. 

In further accord with the herein-described inven- 
tive procedure, deleterious pin-holes in the Ti masking 
layer 24 (FIG. 3) are avoided by interspersing sputter- 



etching steps in the overall deposition sequence. Thus, 
for example, after depositing the TiN layer 21 , its surface 
is advantageously sputter etched for about five minutes 
at a pressure of approximately ten jam and at a power 
of about 0.5 kilowatts, utilizing argon or an argon/nitro- 
gen gas mixture. Similar sputter-etching steps are re- 
spectively carried out after depositing each of the Pt lay- 
er 22 and the TiN layer 23. By following this sequential 
deposition/etching procedure, a thin pin-hole-free Ti lay- 
er 24 is consistently achieved both on planar surfaces 
and on slanted surfaces of the depicted wafer. 

In accordance with the principles of the present in- 
vention, a wafer having a multi-layer metallization sys- 
tem conformally deposited on the entire top non-planar 
surface thereof is then coatedwith a uniform-thickness 
layer of a resist material. Such a deposition step is car- 
ried out, for example, in a quartz tank 26 (FIG. 4) which 
contains a resist solution 28. Illustratively, the solution 
in the tank 26 comprises a conventional commercially 
available electrophoretic photoresist such as Eagle 
2100 ED Photoresist (a so-called negative photoresist) 
made by Shipley Co., Newton, MA. 

In one particular exemplary case, the resist solution 
28 in the tank 26 of FIG. 4 comprises one part by volume 
Eagle 2100 ED Photoresist-to-two parts by volume wa- 
ter (H 2 0). The solution 28 is advantageously maintained 
at a temperature of about 37 degrees Celsius. A metal- 
coated wafer 30 to be plated with photoresist is placed 
in the solution 28. Another metal-coated wafer 32 is im- 
mersed in the solution 28 to serve as a counter-elec- 
trode during the resist-coating process. By way of ex- 
ample, the wafer 30 (FIG. 4) to be coated with resist is 
connected to the negative terminal of a direct-current 
power supply unit 34, and the counter-electrode 32 is 
connected to the positive terminal of the unit 34. Illus- 
tratively, the unit 34 supplies a direct-current voltage of 
about 110 volts. 

In practice, in order to produce uniform-thickness 
resist coatings, it has been found to be advantageous 
to thoroughly wet the metallized surface of the wafer to 
be coated with resist before connecting the wafer to the 
power supply 34 of FIG. 4. For a wafer not having Au as 
the top layer of its initial metallization system (that is, for 
example, for a five-layer system such as that described 
above and represented in FIG. 3), the surface to be coat- 
ed can be adequately wetted by successively submerg- 
ing and withdrawing the wafer from the resist solution 
28 at least five times. For a wafer whose initial metalli- 
zation system includes Au as its top layer (such a sys- 
tem will be described in detail later below), the wafer is 
wetted by, for example, soaking it in H 2 0 for about ten 
minutes and then successively submerging and with- 
drawing it from the resist solution 28 approximately ten 
times. 

After the metallized surface of the wafer to be coat- 
ed has been wetted with resist solution, the wafer is sus- 
pended in the solution 28 depicted in FIG. 4. The wafer 
30 and its counter-electrode 32 are positioned in the so- 
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lution 28 such that the metallized surfaces face each 
other. Illustratively, the facing surfaces are positioned 
about 7.5 cm apart. 

With the electrodes 30 and 32 of FIG. 4 positioned 
as described above, the power supply 34 is then turned 
on. For an applied direct-current voltage of 110 volts, 
and under the particular illustrative processing condi- 
tions specified herein, a uniform-thickness 5.5-u.m-thick 
layer of photoresist is thereby conformally deposited on 
the entirety of the non-planar metallized surface of the 
wafer 30 in approximately five seconds. 

After turning off the power supply 34 and removing 
the wafer 30 from the resist solution 28, the wafer is typ- 
ically rinsed in deionized water and then spin dried. At 
that point, the resist-coated wafer 30 appears as repre- 
sented in FIG. 5. (FIG. 5 is the same as FIG. 2, with a 
top-most resist layer 36 added thereto.) Subsequently, 
the wafer 30 of FIG. 5, having the uniform-thickness lay- 
er 36 of negative photoresist thereon, is lithographically 
processed to define prescribed patterns in the afore- 
specified underling metallization system. 

For non-planar wafer surface topologies of the par- 
ticular illustrative type described herein, it is generally 
advantageous not to soft-bake the aforespecified pho- 
toresist coating 36 shown in FIG. 5. (Soft-baking is com- 
monly employed in most conventional photoresist 
processing sequences.) Soft-baking is avoided be- 
cause even at relatively low temperatures (for example, 
at as low as about 60 degrees Celsius), it has been ob- 
served that such soft-baking can cause the resist coat- 
ing to flow down the slanted sides of the noted v- 
grooves. In turn, thisflow often has the deleterious result 
of leaving portions of the v-groove surfaces devoid of 
resist. But, significantly, when the exposed resist coat- 
ing is later baked, and even if the coating had not priorly 
been soft-baked before exposure, no subsequent flow 
of the exposed resist is observed to occur in the v- 
grooves even when the wafer is heat-treated at temper- 
atures up to about 180 degrees Celsius. 

In accordance with standard lithographic practices, 
the illustrative resist layer 36 described above and 
shown in FIG. 5 is then selectively exposed to light (or 
to electrons, X-rays, etc. if other types of known elec- 
trodeposited resist materials sensitive to these alterna- 
tive, types of radiation are employed). For a negative 
photoresist material, the resist portions exposed to light 
are cross-linked and thereby rendered relatively insolu- 
ble. As a result, when the selectively exposed resist is 
subsequently developed, non-cross-linked portions of 
the resist layer 36 are washed away. Accordingly, a pre- 
scribed pattern comprising, for example, resist portions 
38 and 40 is formed in the layer 36, as represented in 
FIG. 6. 

For the illustrative aforespecified Eagle 2100 ED 
Photoresist, exposure energies of about 1 50-to-200 mil- 
NJoules are generally adequate to define prescribed pat- 
terns in the resist layer 36 of FIG. 5. After being selec- 
tively exposed, the photoresist layer 36 is developed. 



An advantageous developer for this particular photore- 
sist is, for example, Eagle 2005 Developer, which is also 
commercially available from Shipley Co. In practice, the 
developing solution utilized to remove non-cross-linked 

5 portions of the selectively exposed photoresist compris- 
es one part by volume Eagle 2005 Developer-to-twenty 
parts by volume of deionized water. During develop- 
ment, the solution is, for example, heated to about forty 
degrees Celsius and constantly mixed with a conven- 

10 tional spin bar. A developing time of approximately 1 .5 
minutes is generally sufficient to clear unexposed resist 
from the entirety of the non-planar wafer surface. Sub- 
sequently, the wafer is typically rinsed with deionized 
water by, for example, repetitively submerging and with- 

'5 drawing the wafer from a tank of deionized water about 
25-to-30 times. 

During development, the bottom edges of exposed 
resist portions remaining on the top Tl layer 24 some- 
times lift slightly. If this is observed, it is advantageous 

20 to bake the patterned resist at, for example, about 1 30 
degrees Celsius for approximately thirty minutes in a 
convection oven. Such heating causes the resist mate- 
rial to flow slightly, thereby causing any lifted edges of 
the resist pattern to readhere to the top surface of the 

25 Ti layer 24. Following such baking, the wafer is typically 
given a conventional oxygen-plasma descum for about 
two minutes, at, for example, a pressure of approximate- 
ly one Torr and at a power of about 100 Watts. Such 
cleaning ensures that all unexposed (non-cross-linked) 

30 resist material is cleared from surface portions of the Ti 
layer 24. 

Next, the wafer surface represented in FIG. 6 is 
etched in accordance with an illustrative wet -etching 
process sequence. In the first step of this sequence, ex- 

35 posed portions of the Ti layer 24 that are not covered 
with protective portions of the resist mask are removed. 
For example, this is done by subjecting the exposed 
metal to a standard wet etchant for Ti (for example, 100 
parts by volume H 2 0-to-one part by volume of an HF 

40 solution comprising 49% by weight HF and 51% by 
weight H 2 0). In practice, exposed portions of a 1 00-nm- 
thick Ti layer are thereby removed in about one minute. 
At that point, the structure being processed appears as 
indicated in FIG. 7, where reference numerals 42 and 

45 44 represent portions of the resulting Ti pattern. 

Subsequently, the cross-linked portions of the pat- 
terned resist layer, such as the portions 38 and 40 
shown in FIG . 7 , are removed in a conventional stripping 
step. For the particular illustrative photoresist specified 

50 earlier above, this is done, for example, in a solution 
consisting of commercially available Eagle 2009 Re- 
mover made by the Shipley Co. As a result, only a pat- 
terned Ti layer then remains on the top surface of the 
TiN layer 23 of FIG. 7. This patterned Ti layer, which 

55 includes the portions 42 and 44 shown in FIG. 7, will 
serve as an etch mask during subsequent processing. 

Next, utilizing the aforementioned Ti pattern as a 
mask, underlying TiN and Pt layers of the structure rep- 
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resented in FIG. 7 are selectively etched. Illustratively, 
this is done in a standard aqua regia solution [for exam- 
ple, four parts by volume H 2 0-to-three parts by volume 
hydrochloric acid (HCI)-to-one part by volume nitric acid 
(HN0 3 )] at about 90 degrees Celsius for approximately 
three minutes. The selectively etched strucure then ap- 
pears as shown in FIG. 8, where the portions 42 and 44 
represent parts of the Ti mask layer, portions 46 and 48 
represent remaining parts of the etched TiN layer 23, 
portions 50 and 52 represent remaining parts of the 
etched Pt layer 22, and portions 54 and 56 represent 
remaining parts of the TIN layer 21. As indicated, the 
pattern initially defined in the Ti mask layer is thereby 
transferred into the noted layers of TiN and Pt. And, dur- 
ing this etching step, the aforenoted Ti mask layer and 
the lower continuous Ti layer 20 remain virtually intact. 

In further accord with the herein-described wet- 
etching procedure, the Ti mask portions 42 and 44 (FIG. 
8), the TiN portions 46 and 48, and uncovered portions 
of the lower Ti layer 20 are then etched away. Illustra- 
tively, this is done by placing the wafer 10 in an etching 
solution comprising one part by volume hydrogen per- 
oxide-to-three parts by volume of EDTA premix, where 
the EDTA premix comprises 1800 milliliters of H 2 0, for- 
ty-five grams of EDTA (ethylene-diamine-tetra-acetic 
acid and disodium salt dihydroxide) and 120 milliliters 
of ammonia hydride. In about ten minutes, such an etch- 
ing solution is effective to remove the indicated portions 
of Ti (42, 44) and TIN (46, 48) from the Pt portions 50 
and 52, as well as uncovered Ti portions of the layer 20. 
At that point, the wafer being processed appears as rep- 
resented in FIG. 9. 

Next, the structure represented in FIG. 9 is cleaned 
in standard ways and then a conformal layer of Au 60 
(Fl G. 1 0) about one \w) thick is sputtered onto the entire 
top surface thereof. Subsequently, in a second photo- 
lithographic processing sequence that comprises elec- 
trodepositing and defining features in another uniform- 
thickness layer of an electrophoretic resist, in the same 
manner described in detail earlier above, a resist pattern 
comprising cross-linked resist portions 62 and 64 (FIG. 
11) is established on top of the Au layer 60. 

Exposed portions of the Au layer 60 that are not pro- 
tected by the portions 62 and 64 of the resist mask are 
then removed in a wet-etching step that utilizes, for ex- 
ample, a dilute aqua regia solution (for instance, twelve 
parts by volume of H 2 0-to-three parts by volume of HCI- 
to-one part by volume of HN0 3 ) at a temperature of 
about forty-eight degrees Celsius for approximately four 
minutes. At that point, the structure appears as repre- 
sented in FIG. 12, where the remaining Au portions of 
the depicted pattern are designated by reference nu- 
merals 66 and 68. Finally, the resist portions 62 and 64 
are removed, in the same standard way described earler 
above. The final resulting structure, shown in FIG. 13, 
is represented as comprising two multi-layer contact 
pads 70 and 72 each including, from bottom to top, lay- 
ers of Ti, TiN, Pt and Au on the Si0 2 layer 14. 



In accordance with the principles of the present in- 
vention, it is also feasible to fabricate multi-layer contact 
pads and other elements such as mirrors on the non- 
planar surface of a wafer in a processing sequence that 

s includes a single photolithographic level. In this alterna- 
tive sequence, which includes both dry- and wet-etching 
steps, the initially sputter-deposited metals appear as 
represented in FIG. 3 except that the upper Ti and TiN 
layers 23 and 24 of FIG. 3 are replaced with a one-ujm- 

10 thick layer of sputtered Au. By the same techniques de- 
scribed above for electrodepositing and patterning a 
uniform-thickness layer of an electrophoretic resist ma- 
terial, a resist mask is then formed overlying the Au lay- 
er. With the patterned resist acting as an etch-mask, the 

15 wafer is then placed in a dilute solution of aqua regia 
(for example, of the same type as that described above) 
to remove exposed (unprotected) portions of the Au lay- 
er. The underlying Pt and TiN layers are then etched by 
standard ion-milling techniques, with the resist again 

20 acting as an etch-mask. Next, the bottom layer of Ti is 
etched in a standard 100:1 HF solution. After the metals 
have been etched, the resist material is stripped in Eagle 
2009 Remover, at, for example, 85 degrees Celsius for 
approximately ten minutes. The resulting multi-layer 

25 patterns achieved by this alternative procedure each 
comprise, from bottom to top, layers of Ti, TiN, Pt and 
Au. 

In practice, some ion-milling machines can process 
only a single wafer at a time. This severely limits the 

30 through-put of the overall processing sequence. Also, 
as a direct result of the ion-milling operation, it has been 
found that it is difficult to remove so-called stringers of 
photoresist that often remain as residue on the wafer 
surface after the resist-stripping step. 

35 The wet-etching sequence described earlier above 
is generally more complicated than the alternative dry/ 
wet process. In particular, the wet process requires two 
photolithographic levels, one to pattern the Ti/TiN/Pt 
structure and another to pattern the final Au layer, as 

40 specified above. Nevertheless, because of its advanta- 
geous high-throughput batch -processing characteris- 
tics, the wet-etching sequence is generally preferred to 
the alternative wet/dry procedure. 

Finally, it is to be understood that the above-de- 

45 scribed techniques are only illustrative of the principles 
of the present invention. In accordance with these prin- 
ciples, numerous modifications and alternatives may be 
devised by those skilled in the art without departing from 
the spirit and scope of the invention. Thus, for example, 

so although Ti was specified as the material to be used both 
for the top-most layer 24 (see FIG. 3) and the bottom Ti 
layer 20 in the aforedescribed wet-etching sequence, it 
is often advantageous to employ another material for the 
top layer. The other material to be used for the layer 24 

55 must exhibit a differential-etch characteristic relative to 
Ti and must also be able to serve as an effective mask 
for etching underlying layers. Illustratively, chromium 
may be used instead of Ti for the layer 24 shown in FIG. 
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3. In such a case, it is then feasible to carry out the wet- 
etching procedure described above to form patterned 
TiN/Pt/Au elements on the continuous Ti layer 20. By 
maintaining the Ti layer 20 intact temporarily as a con- 
tinuous conductive layer on the wafer 10, it is then pos- 
sible to electroplate the entirety of the wafer with an elec- 
trophoretic resist and thereby provide a basis for pat- 
terning the Au-topped contact pads in another process- 
ing sequence utilizing an electro-deposited resist. In that 
way, for example, so-called solder dams can be phot- 
lithographically defined on the Au-topped pads. There- 
after, exposed (unmasked) portions of the continuous Ti 
layer 20 are removed by etching, thereby electrically iso- 
lating the contact pads from each other. 



Claims 

1. A method for making devices on a substrate having 
a non-planar top surface, said method comprising 
the steps of 

forming a layer of silicon dioxide on the entire 

top surface of said substrate, 

partially etching said layer of silicon dioxide, 

forming a metallization system on the entire top 

surface of said partially etched layer of silicon 

dioxide, 

in an electrophoretic deposition step, forming a 
conformal uniform-thickness layer of a resist 
material on said metallization system, 
lithographically patterning said layer of resist 
material to form an etch-mask, 
and, utilizing said etch-mask made of resist ma- 
terial, patterning said metallization system. 

2. A method as in claim 1 wherein said metallization 
system formed on the top surface of said substrate 
comprises, from bottom to top, continuous layers of 
titanium, titanium nitride, platinum, titanium nitride 
and a material selected from the group consisting 
of titanium and chromium. 

3. A method as in claim 2 wherein said material se- 
lected from the group consisting of titanium and 
chromium is patterned in a wet-etching step utilizing 
said layer made of resist material as an etch-mask 
therefor to form a correspondingly patterned metal- 
lic etch-mask. 

4. A method as in claim 3 wherein, utilizing said me- 
tallic etch-mask, the underlying layers of titanium ni- 
tride, platinum and titanium nitride are patterned in 
a wet-etching step. 

5. A method as in claim 4 wherein said patterned lay- 
ers of titanium and titanium nitride and unmasked 
portions of said continuous layer of titanium are re- 
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moved in a wet-etching step, thereby leaving on 
said substrate defined patterns each comprising, 
from bottom to top, layers of titanium, titanium ni- 
tride and platinum. 

5 

6. A method as in claim 5 wherein a continuous con- 
formal layer of gold is deposited overlying said de- 
fined patterns. 

10 7. A method as in claim 6 wherein, in a second elec- 
trophoretic deposition step, a second uniform-thick- 
ness layer of a resist material is formed on the entire 
top surface of said substrate. 

is 8. A method as in claim 7 wherein said second layer 
of resist material is lithographically patterned to 
form an etch-mask for the underlying layer of gold. 

9. A method as in claim 8 wherein, utilizing the etch- 
20 mask formed from said second layer of resist ma- 
terial, said layer of gold is patterned in a wet-etching 
step, and wherein the etch-mask formed from said 
second layer of resist material is then removed, 
thereby leaving on said substrate defined conduc- 
es tive patterns each comprising, from bottom to top, 

layers of titanium, titanium nitride, platinum and 
gold. 

10. A method as in claim 1 wherein said metallization 
30 system formed on the top surface of said partially 

etched layer of silicon dioxide comprises, from bot- 
tom to top, continuous layers of titanium, titanium 
nitride, platinum and gold. 
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